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Abstract  
Realisation of smart cities is highly dependent on innovative connections between 
the deployed systems in the cities. This implies that successfully deployment of 
individual smart systems which meet citizens’ needs, is not sufficient to make a city 
smart. Indeed, the smart cities require to innovate and connect establish 
infrastructures for the citizens and organisations. To enable connected systems in 
smart cities, the possibilities to exchange and integration information between 
different systems is essential. Construction industry is one of the domains which 
owns huge amount of valuable information asset. Buildings information can be 
utilised to create initiatives associated with various domains like, urban and 
infrastructure planning, maintenance/facility management, and energy monitoring. 
However, there are some barriers to realise these initiatives. This paper introduces 
and elaborates the details about three use-cases which need to utilise buildings 
information to present innovative smart services. The three use cases are: 1) Energy 
Usage Monitoring for positive energy usage district areas in Smart Cities (a use case 
from River City-anonymous name of the city); 2) Services for Facility Management 
Industry (a use-case from Estates office in Quay University); 3) Safety & risk 
management for buildings in 3D Hack event in Dublin. Each use-case considers 
various stakeholders’ perspectives. Also they include elaborated details related to the 
barriers and challenges associated with utilisation and integration of buildings 
information. This paper concludes by the detailed barriers to benefit from valuable 
buildings information to create innovative smart services. Further, recommendations 
are provided to overcome the presented challenges. 
1. Introduction 
Smart cities are complex systems which use ICT services to improve citizens’ quality of life. During the last decades, 
many Enterprise Architecture (EA) frameworks have been introduced to manage complex information systems, 
processes and infrastructures in organisations and systems. However, majority of these frameworks have been 
developed to address specific concerns of the stakeholders and their concerns (Urbaczewski and Mrdalj 2006). In this 
relation, Urbaczewski and Mrdalj (2006) concluded that some of the well-known enterprise architecture frameworks 
have not considered the critical aspects for smart cities.  
As many researchers stated (Anavitarte and Tratz-Ryan 2010; Marsal-Llacuna and López-Ibáñez 2014; Hall 2000; 
Ludlow and Khan 2012; Giffinger et al. 2007; Fenn and Raskino 2011), majority of the definitions for smart cities 
refer to the realisation of smartness by providing services to the citizens. Therefore, citizens’ needs is crucial for 
delivering effective services. Consequently, smart cities develop strategies and city plans with a concentration to 
improve citizens’ quality of life. To provide an appropriate relationship between the smart city strategies and 
development of effective services, Pourzolfaghar et al. (2019) introduced a methodology to attenuate complexity 
issues. This method enables cities/organisations develop an architecture with regard to their specific strategies, goal, 
principles/standards and constraints. Pourzolfaghar et al. (2019) followed Meyer et al. (2011) to develop a reference 
methodology for developing and transforming smart city services. This methodology consists of processes to develop 
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an architecture tailored to their strategies, goals and concerns. The processes assist to develop four architectural layers 
including: the context layer, the service layer, the information layer, and the technology layer (Figure 1).  
 
 
Figure 1 The architectural layers as the Outcome of application of the Reference Methodology (adopted from 
Pourzolfaghar et al., 2019) 
The context layer includes the main requirements from smart city context, i.e. stakeholders, concerns, objectives, 
principles, standards and constraints. The service layer provides service description details and its value proposition 
to the users. The relationship between this layer and context layer is provided by specifying the service goal and 
functionality in line with city objectives/programs. The information layer is the conventional information layer which 
has relationships with the context layer to consider the existing standards and principles for smart cities into data and 
application related processes, e.g. open data, General data protection rules (GDPR), and application security. The 
technology layer is the conventional technology layer which has relationships with context layer to consider existing 
standards from smart city perspective to secure data transition, e.g. sensor security, transmission security, and data 
vitalization security. This paper aims to introduce application of the developed method for three real use-cases 
resulting from collaborations with smart cities/organisations to develop smart services. These use-case concentrate on 
use of buildings information to create smart services associated with the concerns for their correspondent stakeholders. 
This paper concludes by the challenges related to use of building information, observed from use-cases. The remainder 
of this paper is structured as follows: in section 2 we will provide state-of-the-art from reviewed literature related to 
the challenges to buildings information management. Section 3 is to demonstrate application of the reference method 
for three real use-cases. Section 4 is to summarize the challenges observed from the three real use-cases. Section 5 is 
discussion on the recognised challenges and barriers. The last section is conclusion for this paper.  
2. State-of-the-art 
During the last ten years, Building Information Modelling (BIM) have become more mature to manage buildings 
information. BIM include tools for visualizing and coordinating architecture, engineering and construction (AEC) 
work. This helps avoiding errors and omissions, improving productivity, and supporting scheduling, safety, cost and 
quality of management on construction projects. BIM incorporates all the building components, including building 
spaces, spatial relationships, properties and quantities (Zuppa et al., 2009). Also, BIM can generate and maintain 
information produced during the whole life cycle of a building project from design to maintenance (Yoon et al., 2009). 
However, BIM technology confront large number of challenges, e.g. updated data for the as-built BIM models (Gu et 
al., 2011), the pertinent semantic format for the maintenance stage (Shen et al., 2010), the computerised facility 
management system integration (Becerik-Gerber, 2011), interoperability, interfaces with other systems Winch (2010) 
and Shen et al. (2010), and availability of the required data for maintenance and usability of the stored data format 
Parn et al. (2017). BIM models contain valuable information about the spaces and the installed devices in the buildings. 
Despite of priceless values of BIM to construction industry, other industries such as facility management are not able 
to fully benefit from this technology. This problem mostly originates from interoperability issues and data semantic 
and format. Referring to the previous section, these problems have been reported by current research and practice. 
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3. Application of the Reference Method to Develop Smart Services 
In the following sub-sections, three use-cases are introduced to demonstrate application of the presented Reference 
Methodology by Pourzolfaghar et al. (2019), to illustrate how it can be utilised to connect city strategies to the defined 
services. These use-cases are all about use of buildings information to create innovative smart services.  
3.1. Use-Case 1: Light House Project - River City 
The progressive government of River City acknowledge the importance of Information and Communication 
Technologies (ICT) in pursuit for improvement of quality of life for the citizens in smart River city. In pursuit of the 
city plan to be a smart city, the River city has been involved in a European Lighthouse city project. The Lighthouse 
city projects consider the interaction and integration between the buildings, the users and the larger energy system as 
well as implications of increased deployment of electro-mobility, its impact on the energy system and its integration 
in planning. According to the strategic plan for this city, some KPIs have been established. This use-case provide more 
details about the recognised problem related to providing appropriate connections between various systems in the city 
to fulfil the KPIs. 
3.1.1. Problem Statement 
The positive energy districts is one of the main goals for the Lighthouse project in the River. Also the city strategic 
managers have defined number of KPIs for the city, e.g.,   Renewable Energy Source Efficiency (RES). This KPI has 
been defined as, KWh/sqm per year improved energy efficiency (final energy demand). The main aim of creating this 
KPI is to reduce the overall energy demand of the building. The proposed solutions for this KPI are the improvement 
of building airtightness levels, mechanical heat recovery, demand controlled ventilation, reduced reliance on fossil 
fuel energy systems, use of RES, integrated into buildings with the ability to share energy through the building and 
home energy management systems. Some of the required data for this KPI are: primary energy demand, thermal 
energy demand, primary energy factor for thermal energy, electrical energy demand, primary energy factor for 
electrical energy, usable floor area of buildings. Apparently, many of the required data, like thermal/electrical energy 
demand or floor area of the buildings are available in the repository of the city council for the River city. However, 
data managers from DCC were mentioning some restrictions in terms of making this data available to the public. 
Because of similar reasons, the industry partners for this Lighthouse project are attempting to capture this data 
manually or through a survey. Moreover, the buildings information at the city council have not been stored regarding 
the standards for construction industry. Therefore, exchange of the information is not happening regarding the existing 
standards and principles for smart cities.  
3.1.2. Approaches Considered and Selected 
To overcome the recognised problem for the River city, we relied on the reference methodology by Pourzolfaghar et 
al. (2019), to define the relationships between city strategies and services defined to fulfil the KPIs. As it is shown in 
the Figure 2, for one of the suggested services there is a collaboration between the city council and three industry 
partners.  
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Figure 2 Application of the Reference Methodology to define a new service in the River City 
 
In creation of the new services for the Lighthouse project in the River city, different partners are involved. Relying on 
the reference methodology, our role is to bring to consideration the requirements from smart city perspective. As is 
shown in the Figure 2, the stated objective is creation of a positive energy district (PED). In a PED the buildings 
generate energy more than their demand and the extra energy will be transferred to the larger energy system in the 
city. The KPI used in this service is specifically to measure the energy demand which is partially related to the positive 
energy district. For this service there is a need to install some devices to collect energy consumption for building (run 
by Partner 3). For the selection of the devices there are some security standards for data transmission as well as data 
leakage. Likewise, the collected energy consumption information are required to be openly accessible. From the other 
side, the General Data Protection Rules (GDPR) restricts accessibility of personal data to the public. The River city 
as a smart city needs to consider all the relevant standards and principles.   
 
3.1.3. Risks and Mitigation Strategies 
The recognised risk for this project is related to the building information management and its related standards. 
According to the observations from the project meetings, the buildings information have been stored in a format which 
is not complying with the most recent standards for the construction industry. Consequently, the activities for 
collecting the data for buildings information has been started to be done manually (by industry partner 3). In the era 
of digital transformation, and when Building Information Management technology is available and started to be 
mandatory for public buildings, relying on paper work to collect buildings information is far from digitization as a 
necessity for smart cities. For instance, there is a need to specify IDs for buildings for which there are existing 
standards (ISO 12006-3:2007- Building construction-Organization of information about construction works). 
However, this issue has been received the least attention from the partners involved in the project. Indeed the River 
city is not taking advantage from the most recent technology for building information management. By continuing 
this approach all the new created information for buildings, like energy demand and many others will be stored in 
separate silos scattered across the consortium of the project. In case one of the members is leaving the project, there 
will be the risk to lose this valuable asset for the city.    
The mitigation strategy has been suggested by our team has been starting to implement BIM technologies and related 
standards to have more control on the ownership of new created buildings information, as well as preventing 
heterogeneity issues arising from not following existing data exchange standards in construction industry (i.e. ISO 
16739:2016- Industry Foundation Classes (IFC) for data sharing in the construction and facility management 
industries).  
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3.2. Use-Case 2: Estates Office - Quay University 
Facility management organisations are responsible for providing and delivering timely, quality, professional facility 
management analysis, and consulting support services for the customers (Rondeau, 2012). As Lavy and Jawadekar 
(2014) stated, facility management activities depend on the accuracy and accessibility of the information created in 
the design and the construction phases. Further, this information is maintained throughout the operations and the 
maintenance phase. As the General Service Administration (GSA,[13]) reported, lack of this information can result in 
cost overruns, inefficient building operations, and untimely resolution of client requests. This use case is to illustrate 
the suggested services using the digital information available through existing BIM model, as well as the challenges 
to provide these services. 
3.2.1. Problem Statement 
The Estates office at Dublin City University is undertaking the facility management responsibilities. One of the 
buildings in this university has a BIM model as the digital twin. However, this model was not in use because of not 
defining any service associated with the concerns for the Estates office mangers.    
3.2.2. Approaches Considered and Selected 
As a solution to recognised problem we concentrated on three main elements from contextual requirements for the 
estate office, i.e. stakeholders, their concerns, and Estate Office energy saving objective, to suggest appropriate 
services (Figure 3).  
 
Figure 3 Application of the Reference Methodology to define new services for Energy Saving & Security  
 
As it is shown in Figure 3, the first suggested service is about energy consumption for building spaces. For this service 
there is a need to extract building spaces information and devices from BIM model and COBie file. Also, energy 
consumption for the spaces can be captured from BMS system. Then, the installed motion detection sensors in the 
space provide live data, if there are some people in the room. This service can be used to switch off the heating system 
for the room, in case the booked room is not used by anyone. This service is important for energy saving purpose. The 
next service is for more secure spaces. Likewise, this service needs to integrate building space information and devices 
from BIM model. Then, the live data from sensors installed on doors and windows integrated with space details can 
provide alarms to the Estates Office about unsecured spaces because of left open widows/doors. Similarly, the third 
service is to report faulty devices (like smoke alarm sensors), to the Estates staff.    
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3.2.3. Risks and Mitigation Strategies 
The recognised risk associated with this use-case is related to the digital building information available through BIM 
model. For this case, the model is highly prone to be outdated. This is because of having the BIM only for one of the 
buildings. Therefore, most of the facility management activities are based on traditional approaches. Moreover, 
various departments in the Estates office are storing the created information in different format. For instance, the 
building plans are only updated based on the architectural design changes, and details about the replaced/new installed 
devices are not incorporated into the building plans. The suggested strategy to mitigate this risk for this risk has been 
offered in the form of a method to incorporate the information about changed/new installed devices into the existing 
BIM models, as well as more concentration on fully implementation of BIM for all the buildings. 
3.3. Use-Case 3: Safety and Risk Management Service - 3D Hack Dublin 
Dublin’s first 3D city data hack was organised by Dublin City Council (DCC), to ‘hack’ exclusive 3D datasets 
covering Dublin’s docklands and associated buildings. By this event DCC was seeking new solutions, applications 
and services addressing 4 Challenge Areas, including: Transportation, Mobility & Environment; Urban Planning & 
Digital Construction; City Infrastructure & Asset Use; Civic Engagement & Serious Gaming. For this purpose, 
participants got exclusive access to the 3D model as well as more detailed building models of Dublin’s Docklands. 
The main data sources for the event were an extract of Dublin 3D Docklands model, as well as a number of models 
of specific buildings in IFC format. In this event, 14 teams introduced innovative ideas to use 3D models for Smart 
Docklands district and buildings to develop new smart services. The authors for this paper have been academic 
members of a team to introduce an innovative service with the aim of creating safe and risk free built environment.The 
lead industry partner has been ArcDox company specialist in implementing BIM and BIM Process 
(https://www.arcdox.com). In the following, more details is provided for the presented use-case. 
3.3.1. Problem Statement 
This case is related to the safety and risk issues for built environment. According to the stated concern for the team 
member who is the project manager in a facility management office, the current challenges in practice are as follow. 
In current practice safety management is done through paper-based documents that seldom get read, or used, and are 
probably not updated regularly, with little ongoing analysis and empirical measurement.   
3.3.2. Approaches Considered and Selected 
The team have envisioned a future practice, of health and safety, done through intelligent data-driven processes, 
enhanced by visually communicating risks through 3D models, to improve understanding by all parties, throughout 
the lifecycle of the building. With this aim, a safety alert app, to communicate with a risk & safety management system 
was designed. This app automatically generate a 3D visual marker in the building 3D model, with some key real-time 
data, and links back to relevant information in other systems (Figure 4).  
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Figure 4 Application of the Reference Methodology to define new services for the Safety & Risk Management 
 
As it is shown in Figure 4, the solution service was to create real-time links, between existing technologies being used 
for safety management, incident reporting, and 3D model viewing, to present key safety information, in a useful 3D 
environment, where people could see safety information in spatial “context”, by clicking on automatically placed 
visual markers, that provide some limited live data, but with direct links to more detailed information in other systems 
(if available to the person, with security permissions permitting). By monitoring the movement of people in and out 
of defined “safezones”, potential serious incidents could be avoided. As the future work, this workflow can be 
connected to an asset management/facilities management system, to pull real-time asset data.  
 
3.3.3. Risks and Mitigation Strategies 
As the team concluded there are some risk associated with this use-case. The recognised risk is related to the diversity 
of management systems, as well as IoT devices. Moreover, the 3D BIM model is the main source of the risks because 
of difficulties to update the BIM model. In other word, in case of happening any refurbishment or change in the 
building, the outcome of this app will not be reliable. Although, there has been a complete BIM model available for 
this use-case, however, reliability of this app is very dependent on the on time update of the 3D model. The suggested 
strategy for this risk to DCC has been investment in the fundamental issues related BIM model updates.    
4. The Observed Challenges from Three Use-Cases 
In this section, the recognised challenges from the three introduces use-cases are summarised. The first use-case, i.e. 
Light House Project in the River City, has no BIM at all and as a result is not following the standards for building 
information management. This causes industry partners follow their organisational preferences to collect and store 
buildings information. The Lighthouse project without following the standards for data exchange in construction 
industry will have incompliance issues with smart city standards. The second use-case, i.e. Estates Office at Quay 
University, has BIM for the some of the buildings in its campuses. However, because of this partially implementation 
of the BIM technology, not many resources have been allocated to support and use the BIM model. In this reason they 
have not been able to benefit from this technology so far. For the use-case three, i.e. Safety and Risk Management 
Service - 3D Hack Dublin, complete 3D BIM model was available to the participants and teams competing in the 
event. The problem with the designed services by them was the challenges facing BIM model to be up-to-date based 
on the latest changes. The changes in the buildings spaces are inevitable and are happening every day. Any first 
mismatch will ruin reliability of the BIM model and as a results users may easily move to the traditional paper work. 
In the following section we will discuss more about these challenges. Then, the idea for a solution will be introduced. 
Moreover, the topics for further studies are suggested.     
5. Discussion 
Building information is valuable asset in smart cities which can be utilised to provide valuable services to the society. 
To manage this invaluable asset, BIM technology has been emerged and evolved during the last decades. The benefits 
of this technology have been revealed to the construction industry and therefore construction companies are using this 
technology for their projects. However, some challenges have been reported by academia and practice for the BIM 
models. Likewise some other issues have been reported related to the interoperability and exchange of information 
with other systems in the cities. A summary of the reported problems was summarised in section 2 of this paper. The 
challenges and risks associated with the three practical use-cases were explained in section 5. A combination of the 
reported challenges from academia and observed issues from practice can be summarised as follow. If BIM technology 
is not implemented completely and not sufficient BIM experts are allocated to support BIM, it will be failed. 
Furthermore, other challenges facing BIM technology, like difficulties to incorporated changes created by 
environments not complying with BIM, will cause the BIM models being outdated very fast. As a result, the interest 
to use this valuable technology will be reduced gradually. All these issues are the barriers to fully benefit from 
capabilities of BIM technology.    
To overcome the barriers to use buildings information, as well as the observed challenges in the three use-cases, it is 
suggested to develop an interface which is able to attenuate data exchange issues with other systems. This interface 
can create values from combination of data from various systems. Also it needs to be defined based on the preferences 
for industry users. As such, this product needs practical supports from industry users. With this aim, Pourzolfaghar et 
al. (2016) and Pourzolfaghar et al. (2017) introduced a prototype to provide a novel bridge between construction 
industry and other systems in smart cities. However, the idea for this prototype is still at theory level and needs 
investment by smart cities authorities to be implemented. The development of such interface to bring values to practice 
will be extremely challenging without continuous engagement and expertise of BIM practitioners.  
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As well, a suggested future study is to concentrate on the issues related to incorporation of changes from various 
software environments (other than the ones compliant with BIM), into BIM model. Otherwise, it will be a necessity 
for all the users of the BIM technology to hire experts in BIM, as well as professionals in using software compliant 
with BIM to be able benefit from the BIM, which is very restricting. 
6. Conclusion 
Buildings information is valuable asset which can be integrated with information from other systems in smart cities 
to create innovative services to the society. According to the related researchers, BIM technology confront large 
number of challenges, e.g. updating BIM models, the pertinent semantic format for the maintenance stage, the 
computerised facility management system integration, interoperability, interfaces with other systems and availability 
of the required data for maintenance and usability of the stored data format. To provide evidences from practice about 
these challenges, this study relied on a Reference Methodology by Pourzolfaghar et al. (2019) to define smart services 
regarding the city strategies/organisation objectives. The aim of exploration of the three use-cases was to disclose the 
barriers in practice to enable connection and information exchange between constriction industry and other industries, 
to utilise buildings information to create innovative smart services. According to the observations, majority of the 
recognised problems in practice were related to the information exchange between systems, as well as keeping the 
buildings information and models up-to-date. To tackle the observed challenges this study suggested to develop an 
interface that aims to attenuate data exchange issues with other systems and consequently create values from 
combination of data from various systems. As well, a suggested future study was to concentrate on the issues related 
to incorporation of changes from various software environments into BIM model. 
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